. We used the closest molecular markers one, AtMAP65-3/PLE, locates only to the mitotic arrays and is essential for cytokinesis. The Arabidopsis pleito identify seven overlapping binary cosmid clones for complementation analyses of ple-1 and ple-2. Only the ade ( ple) alleles are single recessive mutations, and we show that these mutations are in the AtMAP65-3 15 kb genomic fragment of one clone, N16 ( Figure 3B ), reverted the ple phenotypes in 10 of 12 independent gene. Moreover, these mutations cause C-terminal truncations that abolish microtubule binding. In the transformants. If one takes into consideration the overlaps from the noncomplementing cosmids, the PLE lople mutants the anaphase spindle is normal, and the cytokinetic phragmoplast can form but is distorted; cus could be further narrowed to 10 kb, and this included three genes, At5g51600, At5g51610, and At5g51620 not only is it wider, but the midline, the region where oppositely oriented microtubules overlap, is unusually ( Figure 3B ). By using a combination of heteroduplex analysis and sequencing, we confirmed the At5g51600 expanded. Here we present data that demonstrate an essential role for AtMAP65-3/PLE in cytokinesis in open reading frame. PLE has 11 introns ( Figure 3C) ; the transcriptional start site was determined by primer plant cells.
ple-1 and ple-6, respectively. From these data, together with the complete karyokinesis and the incomplete cytokinesis defects in the ple mutants, we conclude that to be redundancy in function between members of the AtMAP65 gene family in different plant organs.
AtMAP65-3/PLE is essential for phragmoplast function. The three ple mutations truncate the AtMAP65-3/PLE The facts that PLE is the AtMAP65-3 gene and mutations in this gene affect cytokinesis prompted us to protein at the C terminus. The shortest truncation predicts a protein of 377 aa. We generated the equivalent analyze the phragmoplast microtubule arrays in the ple mutants. By using anti-tubulin immunofluorescence and recombinant protein fragment (residues 1-377) and tested its ability to bind microtubules compared to the crossing ple-1 and ple-6 with an in vivo microtubule marker line harboring MAP4:GFP [4], we observed all full-length recombinant protein. The data show ( Figure  4C ) that the truncated protein does not cosediment with four microtubule arrays in ple cells. Closer examination of the phragmoplasts in these mutants revealed signifipolymerized microtubules upon centrifugation but that the full-length protein does. These data suggest that cant size differences shown by the histograms in Figure  4B . Whereas in the wild-type the midline of the phragthe loss of function in the ple mutants is due to a lack of microtubule binding. -directed kinesins [1, 16, 17] . In conclusion, these data demonstrate that AtMAP65-3/ PLE is essential for maintaining the integrity of the overlapped microtubules in the phragmoplast and is essential for completing cell division in roots.
Experimental Procedures
Anti-AtMAP65-3/PLE and Immunolocalization For raising the AtMAP65-3/PLE antiserum in mice, a 73 residue recombinant polypepetide corresponding to amino acids 554-627 of the AtMAP65-3/PLE open reading frame was used as an immunogen. Three mice were immunized, and the serum from all three mice identified a single band of relative molecular weight 80 kDa on immunoblots of Arabidopsis cell suspension culture total protein extracts. All three antisera gave identical staining patterns throughout the cell cycle. Arabidopsis suspension culture cells were collected at the exponential growth phase (3-to 4-day-old culture) and fixed with either paraformaldehyde as described [18] or with 100% methanol for 15 min at Ϫ20ЊC followed by 100% acetone for 10 min at Ϫ20ЊC. They were then treated with the mixture of cell wall digestion enzymes supplemented with 1 mM PMSF, 10 g/ml leupeptin, and 10 g/ml Pepstatin A for 5 min. 
